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I. Introduction 
(a) The incidence Rnd importance of trichinosis 
Autopsy surveys made in the United States in recent 
years reveal a high incidence of trichinosis ~vhich is 
W.J.dia'!-nosed ante mortem , B.ccording to Oppenheim et al. (1947) 
These workers felt that because of the apparent importance 
of the d isease, its clinical a.s!)ects and l aboratory studies 
should be of interest. McNaught (1939 ) st~ted that while 
morbidity statistics indicated th~t less than three per-
sons in one hundred thousand a re infected '~'Ti th 1. . snira lis 
ever,r y ear, autopsies shovred that about four hundred i n 
one thousand ?.re infected annu2.lly . He felt that these 
find 'ings indica ted a l e.ck of .skill in diagnosing the disease . 
~ugustine (1937) stated that the difficulty in diasnosis 
· is eaused by "bizarre a.nd ~?. typical manifestations so 
characteristic of this disease". Be also said th~;~. t it is 
stated of the disease , tbB.t mi l d and even fatal cases fre-
quently esc2.pe diagnosi s. HB.ll (1930) shoHed an incidence 
of trichinosis in twelve to thirteen percent of the people 
of the Uni ted States. A. l most a ll of these shm.ved no signs 
of being infected, but autopsies reveal ed 100 le.rvae 
(more or l ess) per gram of some muscles. Queen (1931) 
reported that of 344 necrops ies at Rochester, N. Y., 17.5% 
1vere f'ound to be trichinous . Other workers at the Unive r-
sity of Minne sota. exR.mined 117 diaphra:e;ms and found 18;:~ 
l 
infected. Pepper (1932) st~ted th~t the mortality r a te is 
about 6%. He felt that a disease with such a mortality 
rate deserves serious effort i n prevention a.nd treatmente 
Trichinosis, at the present time, is endemic in the 
United States. A-ugustine (1937) stated that it is a 
chR,ra.cteristic helminth infection of the Northern Hemisphere, 
especially in those countries whose inhabitants are accu_s-
tomed to ee.ting ravr or rare pork and pork products. 
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(b) The etiologic agent 
Although there is difficulty in diagnosing this di-
sease, its etiologic agent, ne,mely, Trichinella spiralis, 
is well knmm . Infection i..,ith this neme.tode may occur 
in many laboratory animals and in man by the ingestion 
of raw or rare meat of infected animals, of which the pig 
is the most common as far as man is concerned, according 
to McNaught (1938) . The infected meat contains encysted 
larvae of Trichinella which are liberated upon the diges-
tion of the cyst wall in the s tomach of the host. 
Within a few days, e.ctive l"l.rvae migrate · into the mucosa 
of the small intestine, mature, mate and give birth to 
thousands of nei'T larvae~ These new larvae then travel 
by means of the general circulation to skeletal muscle, 
by preference, where they encyst. 
3 
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II The diagnosis of trichinosis 
(a ) Hi~tory - of die.gnosis by blood picture examination 
The events that led to the diagnosis of trichinosis 
by blood picture examination occurred over one half century 
ago . Trichinella spiralis was discovered by Owen in ~835 
and Zenker, in 1860, discovered it to be pe:rasi tic in man . 
To\'rard the end of the 19th century , Brown (1897) shm,red that, 
in the cases of this disease under his care, the blood counts 
showed a marked leukocytosis and varying degrees of eosino-
philia . Concurrent with the rise and fall of eosinophils 
he observed an inverse rise and fall of neutrophils. The 
blood picture of a patient in March 1896 showed an eosino-
philia of 68.2% and a concurrent depression of neutrophils 
to a level of 6.6%. Leukocytes reeched a maximum of 30,000 
per cubic millimeter. He thought that perhaps the eosino-
phils originated as a result of a transformation from neu-
trophils. Ot.her subsequent patients ha.ving trichinosis · 
shov.ied simila r conditions. Almost immediately afte r this 
discovery by Brovm, his methods of diagnosis were adopted by 
othe rs. Thayer (1898) examined the blood of B.n individue.l 
infected "'ri th Trichinella and found a. subs ta.ntia l leuk ocy to-
sis of 34,000 per cubic millimeter. The eosinophil count 
at the same time was 45.4%. Hm·mrd (1899) found a large 
number of eosinophils around muscle lesions ca.used by this 
disease but almost none in the vessels. Other cellula r 
changes that he found involved a large number of plasma 
4 
cells in the trichinosed area . Some of these cells had a 
single nucleus v.ri th homogeneous, acid-staining cyt oplasm~ 
others had sm!3.ll '- r8.nules i_·n t.l').e cy toplasm, an:l. B. third type 
had a bj lobed 0r tr•i.lobed nuc leus ·.-;i th an acid-staining 
cytoplasmic granulc:.tion. He surmised that the l arge number 
of eosinophilic cells in the muscle lesions v.rere derived 
from the plasma cells by some chemical reaction (see page 25). 
Atkinson (1899) also observed the picture seen by Brmn1.. He 
observed a white blood cell cotmt of 28,000 per cmm. ~nd an 
eosinophilia of 54.3%. This method of diagnos s came to be 
widely used. In later years tests were performed to detect 
changes in erythrocyte couJlt, in h:::temoglobin, in the morpho-
losy of red and white ce l ls, in blood se.lt concentrations 
and in mineral valuese 
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(b) The procedures used in the method of diagnosis by 
blood examination 
I n making a die.gnosis by means of a blood picture 
examination, the relative reliability and accuracy of 
the methods used must be understood. Workers have used 
various stains i n order to assure themselves of the ac-
curacy of their ree,dings. Bro'\<m (1897) used various 
acid stains. He used the Biondi-Heidenhein t riple stain 
both on vesiculR.r blood and ext ravesicular blood cells. 
This stain contains Orange G, a cid fuchsin, and me thyl 
green. I t is also kno'\<m a s Erlich ' s stain. He a lso 
used h aematoxylin and eosin, or methylene blue and eosin. 
With these stains he found t hat t h ere were no Oharcot-
Leyden crystals in his blood smears. T'.nese crystals are 
commonly found in the s pleen and marrovr in cases of leu-
k emia and in the sputum in cases of asthma. He deduced 
that these crystals \-rere not t h e crystallization products 
of a ll diseases mR.r ked by eosinophilia . Spink (1934) 
used eosin-methylene blue in staining guinea pig blood 
sme,g.rs. For muscle preparations, he used l-1:allory ' s 
e.n iline blue 1rrith acid fuchsin removed. Oarter (1949) 
used Giemsa. e.nd phosphotungstic ac id haematoxylin pre-
paration on bone marrow. Della Vida and Dyke (1941) used 
Jenner's stain, which gives good differentiation of the 
cytoplasmic granules. The coarse eosinophilic grEmules 
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characteristic of these cells become pl ainly evident 
wi th this stain. Also evident were the various sizes 
of eosinophilic granules in neutrophils and in trans i-
tional cells reminiscent of the work of Brown. Weindrach 
(1929) tested the haemoglobin content of his trichinous 
pa tients 'tlith ·Fleischel ' s appe.ratus . (This is an instru-
ment for estimating the richness of the blood in haemo-
globin, by comparing the color of a st-9.ted dilution of 
the blood with a piece of red glass. cf. Dorland-The 
American Illustrated l1edical Dictionary) White cells 
were stained by the ~~y-Giemsa method. He concluded 
that leukocytes undergo quantitative and qualitative 
changes while red blood cells undergo quantitative 
changes only . The l a.t ter statement may be at variance 
with the findings of Want land (1937) who_ vlorked \vith 
white rabbits. 'lflant land claimed that, in a series of 
blood studies of normal and t~ichinized rabbits, con-
siderable fluctuation occurred in all factors studied 
e xcept the osmotic resistance of red blood cells. These 
factors include red blood cell COill1ts, haemoglobin esti-
mations, specific gravity of the blood, clotting time, 
fragility, and size of red blood cells. This .work by 
\vantland is discussed in detail in a later chapter. 
- -
-
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(c) Other methods of diagnosis 
The finding of l a rvae in the body and in body fluids 
of the patient makes the diagnosis certain according to 
McNaught (1938). Examina tion of the stool for the para-
site is often advised but is rarely rewarded with success. 
Au gustine (1937) found that searching for evidence of 
T. spiralis in the spinal fluid and feces, as a laboratory 
means of diagnosis, is usually a 1tlaste of time. Biopsy , 
or the dia~1ostic examination of a tissue from a living 
sub j ect, may be made by several methods, according to 
McNau~~t (1938). He sug gested tha t small pieces of tissue 
be pressed between glass slides for microscopic examina-
tion. He also stated that stained sections 1orere nece s s ary 
for demonstrating histologic changes in suspected tissues. 
Another method he mentioned for the examination of 
biopsied material is to digest a section of muscle in 
pepsin and hydrochloric acid thus liberating the larva e. 
Recent l J skin and serologic tests have been found to be 
successful in diagnosing helminth infections. Among the 
best known tests is the Casoni test, a skin reaction used 
extensively in the diagnos i s of echinococossis. In 1928 
Bacl'1.man introduced a method for prepa ring an antigen of 
Trichinella which can be used for s kin and precipitin 
tests in the diagnosis .. of trichinosis. Augustine and 
Theiler (1932) confirmed this work with lR.boratory 8.n i mals 
8 
and vvith man. The antigen was prepared, a ccording to 
Augustine, in the following manner: 
11 In t h e preparation, guinea pigs are used exclusive-
ly . The muscle from an animal which has been infected 
with 1· spiralis for three to four weeks are passed 
through a food grinder and then di gested in a solution of 
HCl and pepsin. The trichinae settle out in the con-
tainer and are washed repeatedly with water until they are 
free from host tissue. The larvae are dried, pla ced in 
e t her for 24 hours and then dried in a vacuum. They are 
then ground in an a gate mortar . To this, 100 parts of 
Coca's solution are added. After three to four days, the 
whole mixture is passed through a Seitz filter and sterile-
ly transferred to vaccine bottles." 
Augustine (1937) encountered individuals m!o gave a posi-
tive rea ction without further evi dence of disease at the 
time. This is .explained in several ways, First, the 
patient (shmm in post mortem examinations) may have h ad 
a.n unrecognized infection in the past but did not have one 
at t he time of the test. Second, some individuals show a 
ma rked sensitivity to the intradermal injection or any 
foreign protein. Opinion has di ffered regarding the rela-
tive efficacy and value of t h e blood picture examination 
and the skin and precipitin tests. Kilduffe (1936) made 
the statement, after studying 33 cases in an outbreak , 
that the demonstration of eosinophilia is a technically 
simple procedure, ahrays available and readily applied by 
the clinician, whereas the intradermal test requires an 
antigen somewhat difficult to prepare and not readily 
avail13.ble. This statement precipitated a response by 
Friedlander that the value of the skin test should not be 
judged by application of Bachman's method, that the intra-
dermal skin test has been employed successfully by himself, 
and that eosinophilia is known to occur in a l arge number 
of other diseases. Kilduffe asserted that he did not in-
tend that the discovery of eosinophile should be the only 
test or criteria in the diagnosi s procedure, or that the 
skin tests are not reliable. He realized that eosinophili~, 
like the skin tes t, is only the expression of a react ion to 
a stimulus. He felt that because of its simple procedure 
and availability anywhere, at any time, the test for eosino-
philia is more practical. Augustine (1937) emphasized that, 
in the use of these tests, one must not lose sight of the 
fact that no biological test is infallible. Any test em-
ployed should be considered in connection with other evi-
dence. 
10 
III Changes in the Formed Elements of the Blood 
(a) Haemoglobin, erythrocytic, ~nd leukocytic 
changes in man upon infection by T. suiralis 
The use of blood picture changes as a means of 
diagnosing trichinosis was first made by Brmm (1897) v;rho 
noted several specific changes in several patients. These 
changes are, first, a marked leukocytosis, and second, 
eosinophilia. He also noted a third change, namely, neu-
tropenia concurrent ,.;i th and in an inverse ratio vri th 
eosinophilia. In a biopsied muscle, besides proliferating 
muscle nuclei and disintegrating muscle cells, he found 
many neutrophile, some eosinophile and some transitional 
cells. (~fle transitional cells are those blood cells 
possessing a notched or indented nucleus and protoplasm 
with a neutrophilic granulation.) He also found other 
transitional type cells with cytoplasmic granules having 
an affinity for acid stain. All of these cells seemed to 
exercise phagocytic activity on the necrotic muscle tissue. 
A second biopsy on the same muscle was made about two weeks 
later. He found a smaller number of neutrophils and a 
large number of eosinophile. At the same time, the eosino-
phil-neutrophil ratio within fascicular vessels in the 
same individual \'Tas the same as that observed at the first 
biopsy, 1· ~., more neutrophils than eosinophils. Brown 
noted that the eosinophils increased rapidly soon after the 
increase of severity of muscle symptoms and decreased 
11 
gradually as the symptoms abated. He believed that a 
transformation occurred a.nd that the eosinophils were de-
rived from neutrophils. Brown (1898) believed that the 
trichinae were toxic or irritating to the tissues of the 
host. The tissues responded by producing chemotactic sub-
stances, attracting many leukocytes, the major part of 
which are neutrophils. The neutrophils are phagocytic and 
upon the exercise of this activity they experienced changes 
in granular structure and in staining properties and then 
passed back into the circulation, accounting for the large 
increase in eosin staining cells. Brovm. noted that 
the eosinophil count reached 68.2% of the total number of 
'Ttrhite blood cells in one case. The leukocyte count rose to 
27,000 per cmm. The percentage of neutrophils varied in-
versely as eosinophils, ranging from 80.4% to 6.6%. This 
fact is more significant because of the ma.rked leukocytosis 
occurring at the same time. ~~is patient felt muscle pains 
six to seven weeks before admittance to the hospital. 
During this period, he at e uncooked or poorly cooked pork 
several times. The author did not mention a possible date 
of infection. Thayer (1898) confirmed these findings. He 
observed a leukocytosis of 34,000 per cmm . and an eosino-
phil count of 50.5%. The rise and fall of eosinophile 'tfras 
acc omp-?nied here again by an inverse rise and fall of 
neut r ophils. Atkinson (1899) observed some neutrophils 
1tTi th larger granules than usu:~.l , but they did not have the 
12 
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characteristic acid fuchsin staining qualities of eosino-
phile . Like Brmm, he believed that the gradations in 
size and staining properties of the granules of t ransition-
al cells vTere suggestive of a tra.nsformation process, r e-
sulting in the sudden appearance of large numbers of eosino-
phile . He recorded a white blood cell count of 28, 000 per 
cmm . and an eosinophil count of 58.5%, one to tvTO weeks 
after admission to the hospital . 
The eosinophi l-neutrophil r atio, hovJ"ever, was n ot 
a l ways observed. Kerr (1900) described a case where the 
count of small monocytes occurred in an inverse ratio with 
eos inophile . Meanwhile t he l arge monocyte count increased 
and decreased in a non-uniform manner. In a series of ex-
periments with guinea pigs, Opie {1904 ) shmved tha t the 
e osinophil-neutrophi l ratio did n ot hold true . He declined 
to believe tha.t there was a transformation of neut roph ile t o 
eosinoph ile a t the region of muscle i nfesta tion. He found 
that the l B.rge number of cil"cula.ting eos inophile are 
associat ed 1N'i th l arge numbers of eosinophile and eosino-
philic myelocyt es f ound in the bone marrow during infection. 
He believed, therefore, that t h e marrow i nit i a ted the rapid 
rise in eosinophil c ounts . Vfeindrach (1929 ) , in a l s.r ge 
number of cases, had the impression that t h e increase in 
eosinophile was due to a. diminution of lymphocyt es. 
Whatever a.re the d i screpancies found in t he d ifferen-
tia.l counts, all inves tigR.tors agre ed on one f act, namely , 
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that there is a definite eosinophj_lia in all but severe 
cases of trichinosis or during a concurrent bacterial in-
fection. In 1943, an opportunity arose for studying the 
clinical symptoms on a group of 256 cases of trichinosis. 
O~pe~~eim et a l. (1947) related his findings on 256 German 
prisoners of war in Michigan . The incidence of eosinophilia 
was hi ~h and corresponded well "l'li th the f indings of previous 
1.;orkers . Only t1.venty five of this group had an initial eo-
sinophilia. of less than 5%. In twenty dg,ys, only three of 
this g roup of tv1enty five had eosinophilia of less than 5% 
(Table 1). The rest had counts reRching as high as 59%. 
These figures are indicative of the tendency for a rapid 
rise in the eosinophil count after infection with 
T. soiralis . Of these cases, 79 . 3% had a record of eating 
ra1tr pork during the ten days before admission to the hospi-
tal . 
Gregg (1909)accurately fo llowed the eosinophil count 
in a boy eleven yeR.rs of age, ctiagnosed as a case of trichi-
nosis. Fe noticed two waves of eosinophilia, one reaching 
a peak of 20% on the 16th day after admission to the hos-
pital and the second reaching a. peak of 30% on the 30th 
day after admission. There was a depression to 4% on the 
23rd day . The v;a.ves of eosinophilia were also seen by Brovm 
(1898) who recorded a first wave three weeks after symptoms 
first a.ppeared, the figure here reaching 37%. The second 
1 . ;ave occurred four vJ'eeks later, the highest figure being 
14 
68% eosinophile. Della Vida and Dyke (1941) recorded the 
first peak one week after the onset of symptoms Y-rhen the 
eosinophil Gaunt rose to the 20% to 50% r8nge. In four 
weeks this wa.s followed by a decline to a level of 5% to 
15d ;o' lasting a period of three to four weeks. The second 
wave occurred the lOth week after infection. This was 
followed by a gradual decline. Concurrently w·i th these 
waves of eosinophilia, they recorded dual waves of leuko-
cvtosis . · Immediately after the appeara.nce of symptoms of 
trichinosis, the Y.rhite blood cell count rose to a.bout 
12,000 to 15,000 per cmm. After persisting for thr ee to 
four weeks, this figure declined to normal on the sixth 
week. Thereafter, there was a second rise in the total 
number of white blood cells and a peak wa.s reached a.t about 
the eleventh week. They also noted that the inverse neu-
trophil-eosinophil ratio held true in the primary and 
secondary wave phenomenon. A diminut ion of lymphocytes, 
during the first sta.ge of infeste.tion, was noted. These 
a.uthors indicated that several workers ascribed the dual 
wa ve phenomenon to a series of acti-vities in the infected 
individual. There is, first, a.n absence or paucity of eo-
s inophils in the ea.rly stages of infection. This i s due to 
the fact that the eosinophile present in the blood stream 
sw8.rm around the a.dult worms in the intestinal mucosa . In 
response to the toxins liberated by the ''rorms, the bone 
ma rrow manufactures and relee .. ses increasing numbers of 
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eosinophilic cells into the circula tion. This sudden in-
crease accounts for the first wave. From the fifth to the 
seventh week after infection the worms migrate to 8.nd 
settle in striated muscle. Again, a swarming activity of 
eosinophils to the pla ce of ency stment occurs. This ac-
counts for the decline between \-raves. Following this, a 
second wave arises. 
The question may arise s.s to the number of eosinophils 
in c ircula tion that determine the condition of eosinophil-
ia. Drake, Hawks and Warren (1935) set the upper limits 
of normal eosinophil count at 500 per cmm., 1· ~· 5%. 
Augustine and Spink established an upper normal limit at 
400 per cmm. Kaufma.n (1940) believed that since the to-
tal leukocyte count is so v~.ri able in normal people, the 
criteria for eosinophilia should be mentioned on a per-
centage basis and not as an a bsolute number. He considered 
5% to be the upper border of normalcy. He also believed 
that eosinophilia. does not occur until the larvae reach 
the muscle in which they intend to settle. Hence eosino-
philia is not evident for at le8.st two weeks after inges-
tion of infected meat. It was noted, in many cases, that 
signs of eosinophilia required a t least two weeks for their 
appearance. Spink (1935) determined in animal experimen-
tation that eosinophilia does not occur until the muscle 
has been invaded b y the pa rasite. Gould (1943) also 
16 
claimed that eosinophilia is connected with And follov.rs 
soon after the onset of invasion of the body by the para-
site. He stated that in man the invasion of muscles takes 
place sometime a fter the first week. Similarly, Oppenheim 
(1947) stated that eosinophilia occurred during the phase 
of le.rval invasion of muscle tis s ue and that this invasion 
occurred sometime after nine days. The symptoms of eosino-
philia and other common symptoms of trichinosis such a s 
peri-orbital edema, fever, sweating, weakness, are a re-
sult of an intense pathological reaction within the in-
'Taded muscle. 
~~ile chang es in blood tissue seem to be constituted 
mostly of eosinophilia, the picture in the bone marrow, a 
haemopoietic organ, is different during infection, being 
very complex. Kaufman (1940) said that a mild infection 
stimul~ tes the production, in the marrow, of eosinophilic 
myelocytes and mature eosinophile. Opie (1904) experi-
ment e d vli th guinea pigs 2nd found a great increase of eo-
sinophils in the marrovr on t h e t h ird 'JITeek of infection. 
The f at of the m8.rrow was grea.t ly replaced by eosinophils 
R.nd many myelocytes were present. In a heavy j_nfect ion, 
however, he found a rapid diminution of eosinophils. Nu-
clear fragmentation was chBracteri s tic in eosinophils and 
t h e cells themselves degenerated. Carter (1949) stated 
his findings of the b one marrow, in a patient infected 
17 
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wi th Trichinella , shovTing the picture in the costal and 
vertebral bones . There was a ma.rked plasmocyti c hyper-
plasia , the pl B.sma cells being intermingled vr i th others 
or in clusters of five to eight cells. Myeloblasts, myelo-
cytes and me gakaryocytes vrere normal in number. There was 
an increa.se of no rmoblasts . Reticulohistiocy tic cells 
sho1tred granularity B.nd s ..,.re lling . 
Eoth Onie (1904) Bnd BroNn (1898) agreed that eosino-
phile in circulation have polymorphic nuclei during in-
fection . Opie observed that there was no mitosis of these 
cells except in the marrovl. Bro1tm reported transitional 
forms vihich e.re cells l'ii th a notched or indentea nucleus 
hav ing a cytoplasm with a tendency for neutrophilic stain. 
He also observed transitional cells with fine cytopl asmic 
granulation having an affinity for acid stain in the mar-
rov.r . Della Vida and Dyke (1941) found the.t the morphology 
of lymphocytes, monocytes and basophils showed no depar-
ture from normal throughout the course of infection. They 
found that the eosinophile were of the c ommon type '\olrith 
large eosinophilic granules . In one case , they observed 
a small proportion of eosinophilic mete.myelocytes . They 
a lso observed shadmv eosinophils v.rhich are represented by 
clusters of eosinophilic granules , liberated from a dis-
rupted cell. They attached no significance to the la.tter 
cells. They a.lso found that in l ate stages of the disease, 
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the neutrophile shmved no departure from normal. In the 
early stages many of them shovred some eosinophilic granu-
les 1..rhich '"ere some"!!rha t s maller them those of true eosino-
philic cells but l arger tha.n neutrophil g ranules. This 
reminds us of the findings of Brm.,rn a.nd of his theory of 
transformEttion. Although Della Vida d oubts the validity 
of this theory, he nevertheless "i-ras once able to make a 
diagnosis of trichinosis on the strength of the presence 
of these acidophilic phils . 
The persistence inophilia is varied in differ-
ent individuals. This i s . rob8bly dependent upon 
host-pR rasi.te rel::>.t ionsi:'J. il; , intensity of t he disease e t c . 
Theiler , 4ufjtist ine :"'l.nd Spi- k (1935) ms.de long range obser-
vations on this acc ount. _owever , the small number of 
cases ob served did not pe l j_t an authoritEl.tive statement 
to be m~de on the persiste _ce of eosinophilia. 
There are several occ .sions vrhen eosinophilia ~tT ill 
not occur upon infection w' th !· SR~ralis . Kaufman (1940) 
listed four reasons for th failure of eosinophilia to 
sho~'' · These are, stage of the disease (b ) se-
condary bacterial infection· (c) a non-respondent b one mar-
rovT (d) f<:tult y st"~ining techniques. Perhaps before it 1t<Tas 
even known tha t bacterial infections will prevent eosino-
philia, Bartlett (1909) a patient sufficiently infected 
with the worm as to die f om it in a month and a half . 
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This author found that the patient had a streptococcus in-
fection in the ear. He felt that this bacteri al i nfection 
interfered with the expected blood picture of a trichinous 
patient. Havard (1899) reported a case of trichinosis 
'tlhere the p::>tient died 1.-r ithin five days. No eosinophilia 
was noted. Experimental work by Spink (1934) showed a 
drop in the eosinophil count in trichinosed guinea pi s 
infected with bacterial or parasitic organisms. (Chapter 
3 e) 
Besides leukocytic changes in circul,S!tion and n hemo-
poietic organs , several changes have been reported in the 
haemoglobin content of erythrocytes and in the erythrocyte 
cou__nt. The vtork of Wantland (1937) in this re ga rd is dis-
cussed in Chapter 3 e. Bis l•rork was done on rabbits. 
Carter (1949) reported on a patient admi tted to a hos-
pital for muscul <1.r pains (le.ter diagnosed as trichinosis). 
The red blood cell count was 3,100,000 per cmm. He re-
corded a hypochromia of the cells and anisocytosis (in-
eqn "' li ty in the size of the cells).. The haemoglobin vms 
9.5g (66%). At the time of these readings, the eos :lnophil 
count 1-ras 15%. Murphy (1940) observed that early in the 
disease there was a ma r ked increase in the percentage of 
red blood cells and a moderate increase in the percentage 
of haemoglob in. Later, anemia developed R.nd the number of 
red blood cells fell to 2,500,000 per cmm. i,"leindrach (1929) 
found polyglobulia to be most pronounced between the 
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twenty-eigth and the thirty-second day of the disease. 
The highest number of red blood cells observed was 
6,050,000 per cmm. The haemoglobin content of the blood 
and the color index vrere normal. He stated specifically 
that polyglobulia occurs about thirty days after infection 
with 1· spiralis . Other authors gave no indication of the 
time that had passed, from infection to t he occurrence of 
polyglobulia. Thayer (1898) reported the case of a man 
with a history of eating pork frequently during the five 
week period previous to admission to the hospital. His 
red blood cell count vms 7,406,000 per cmm. vvith a haemo-
globin of 102%. Brmm (1898) a .. lso observed a case v.Jith a 
record of eating pork during the six to seven week period 
prior to admission to the hospital. His eosinophil count 
v.Yas 37% and the red blood cell count was 4,200,000 per cmm. 
A series of cases were presented by Ottenberg (1907) ,,rhere 
counts were taken about every six days for a period of 
two a.nd a half to three \veeks. Most admission counts were 
low, ranging from 2,252,000 per cmm. to 3,500,000 per cmm. 
Haemoglobin ranged from 45-80% with slight improvements in 
one to two months . 
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(b) Theories on the origin of eosinophilic cells at the 
time of their rapid increase in infection 
One of the prevailing theories on the origin of abnormal 
numbers of eosinophile occurring during trichinosis, is that 
a foreign protein or 8. protein breakdown product stimula.tes 
the bone m::1 .. rrovv to produce eosinophilic myelocytes and 
ma.ture eosinophile. Kaufman (1940) thought that these newly 
formed cells originated in this manner e.nd then ent ered into 
the circulation. One theory closely allied to this is men-
tioned by 1rTeindrach ( 1929 ) as the theory of Erlich. It 
sta.ted that the rise in eosinophile in man is due to a 
"specific activity of end products vvhich in a certain con-
centration display a positive chemotaxis on eosinophilic 
leukocytes in the bone marrow; other concentrations cause a 
ne gative chemotaxis 11 
Kerr (1900) enla.rged on the idea of the substance which does 
the stimulating. He mentioned how Neusser believed that 
many diseases vvhich cause eosinophilia, such as gout, uremia, 
oxaluria, an1{ylostomiasis, and tuberculous injection in man 
also produce xanthin bases, which stimul!lt.e the sympathetic 
nervous system which in turn stimulates the bone marrovr to 
produce many eosinophile. Kerr himself thought that such is 
the case with trichinosis. Be stated that a powerful toxin 
is produced by T. spiralis which caused severe symptoms of 
poisoning, a few hours after ingestion of infected meat. He 
found that in those cases where symptoms appeared early , the 
disease was probably in an active stage in the transmitting 
animal and the flesh contained much free toxin. In cases 
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where symptoms \vere late, the trichinae in the flesh had en-
capsula ted and symptoms did not appear until the larvae 
had been freed, had mated a nd h a d produced new offspring . 
The variation of eosinophilia is explained by the fact that 
the fema.le produces offspring in successive broods. Kerr also 
felt that eosinophi l s may or may not a.rise in the muscle area . 
If they do, it is because of the phagocytic activity of some 
leukocy tes which then become eosinophile, or because of 
toxins liberated by the worm which chemically act to produce 
an acidophilic cytoplasm. He also stated that eosinophils 
may come from the marrow and are a.ttracted to the muscle 
area, 1· ..@_., the eosinophile do not become so by their acti-
vity of phagocytosis but because the eosinophils a re the 
phagoc~rtes which ordinarily deal 1.'Ji th the toxin produced . 
Opie (1 904 ) , workin5 v-ri th guinea pigs, observed that eosino-
phils begin to multiply during the second i'Teek after infection 
and rea ch a m9.ximum at the end of the third week. He felt 
that when a disease occurs which results in many eosinophils, 
there ?.re m8.rrm-T changes. The fat of the marrow is greatly 
reulaced by eosinophils vrhich undergo mitosis onl;r in the 
marrow·. !vfany mye loc:rtes are a lso found in this area . The 
eosinophils come from eosinophilic myelocytes which are ana-
la.gous to finely granular myelocytes. 
All of these theories mentioned spoke of the process 
'\'Thereby a foreign subste.nce acts upon t he marrow to produce 
an increase in eosinophilic leukocytes. Other theories 
23 
diverge rrom this view. 
Nabajiban (1933) induced relative eosinophilia in rab-
bits by increasing the carbon dioxide tension in the blood. 
This indicated that an alteration in the acid-base equili-
brium incites eosinophilia. According to Weindrach (19~9 ) 
eosinophilia is due to an insufficient a.cti Yity of the spleen. 
A weakened condition of this organ, he st8ted, may be con-
sidered the cause of polyglobulia in the incipient stages of 
the disease. This author called attention to eosinophilia 
after s plenectomy. A considerable increase in the number of 
red blood cells, noticeable at the onset of trichinosis, 
points to a. weakened ac tion of the spleen which destroys red 
blood cells. He felt that possibly the internal secretion of 
the spleen diminished the number of eosinophile also. 
Howard (1907) mentioned three divergent views on the origin 
of the eosinophilic cells. One felt that they come from a 
mother cell in the bone marrow, another st.9.ted that one of 
the functions of the ma.emolymph nodes i s to act as a. center 
for the production of large numbers of eosinophilic cells 
(granules from disinte grating red blood cells being taken up 
by leukoc .. rte s and their nuc ej. becoming polymorphlc) El.nd a 
third stated that there is no uniform mode of origin. Eo-
sinophile can be produced from neutrophile or from white 
blood cells through phe.gocytosis of a metamorphosed red blood 
cell. They can occur anywhere in the tissues and organs. 
Two very similar theories, transformation theories, 
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were presented within bvo years of each other. Hovre.rd (1899) 
felt that eosinophils ca . me from plasma cells. A type of 
transformation probably occurred in this way. Plasma cells 
with single round or oval nuclei and with homo~eneous cyto-
- . 
pl 9.sm that stained faintly 'lo<Tith eosin first assumed a more 
profound acid stain, than fine eosinophilic granules, and 
finally a polymorphic nucleus and course eosinophilic 
granules . This transformation occurred B.t the site of the 
cellular reaction. It is not due therefore, to a chemotactic 
substEmce formed by the parasite or by de generatin13 muscle 
and subsequently carried by the circulB.tion to the marrow. 
He based his belief in this theory on his many observations 
where plasma cells seemed to be the most numerous in a 
trichinous E>.rea undergoing cellular changes and where 
transformed cells (\'lith their in-between phases) a re next 
in numerical intensity. Brovm (1898) proposed the idea 
that eosinophilic cells increase in number becaus e they are 
formed from altered neutrophilic cells . He sugges ted that 
t he transformation took place in this manner. The trichinae 
liberated a toxin or they were irritating to the tissues 
they invaded and caused the tissues to symthesize a toxin. 
The toxin, a chemotactic substance, attra.cted many leukocytes, 
most of which B.re pha.gocytic neutrophils. These neutrophils 
phagocytized degenerating muscle tissues and in doing so in-
curred changes in their granular structure which involve 
staining properties . These cells then return to the 
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clrculation and a dlfferential blood count will show them 
to be eosinophils. (Kischensky, in 1896, came to the same 
conclusion concerning the rise of eosinophils in asthma). 
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(c) The number and kinds of cells in and around organs and 
structures infected 
M9.ny '..rorkers h AVe expressed the well knovm fact that 
-.;-rhen the trich:tnae are ingested, they underg o 2. period of 
metur.:J.t i on in the intestine, then m"l,te, and ~ive birth to 
mg,ny y ormg . Th e nev.rly formed l B.rvae then travel b;r vtay of 
the l ,rmphati8s and the general circulation and finally come 
to r est in skeletal muscles. It ls also ~orell kn ,,.m, hovvever, 
that l)reviou s to or instead o f enc;rs tins i n a musc le, the 
Rrva e idll invade numerous other organs or structures in 
the body in vlhich a characteristic blood picture may be s een. 
A.8corclin g to Gould ( 1943) l arval tric i.nae haYe been 
found in the skeletal muscles and my ocardium, in the peri-
cardial , pleural, and peritoneal cavities, in t.he cerebro-
spinal fluid, in the mucosa and lymphatics of the small 
intesti.n e, the mesenteric lymph nodes, lungs, liYer, brain, 
:r.eti.na, in the circulating arterial and venous blood, bone 
marrow, pus from a furuncle, smooth muscle of the small 
intesti.ne, stool (of experimental animals), and in isolated 
cases in the pc:mcree.s, kidney, placenta, milk of a nursing 
woman, excised mammary gl and, duodenal drainings, and gall-
bladder bile . 
It is ;,vortlTvlhile to leA.rn the blood pic t ure in several of 
these structures after invasion by the parasitic vrorm . Gould 
(1943) noticed, in the small intestine, varying de _rees of 
h y peremi:=t, punctate hemorrhages, and focal hemorrh8.g ic extra-
va s 8.t ions . The mesenter:Lc lymph nodes were enl arged, 
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softened, red, and hyperemic . The enlargement was due to 
h~rperpl~>sia of the lymphoid tissue and to inflammatory 
changes. Carter (1949) also noticed some edema in the 
mucosa and submucosa of the small intestine. He found many 
plasma cells R.nd lymphocytes in the submucosa . No great 
increa se in eosinophile \'las seen here. Many plasma cells 
l'rere found in the lymph nodes scattered singly or in clusters 
of t1,ro or four . When they vrere in cluster, they se emed to 
be assoc iated 1ffith reticulohistiocytic cells. Ka.u.fman (1940) 
noted an accumul~ttion of eosinophilic cells and even some 
l ,9>rvae, especially in the early stages of the disease, in 
the mesenteric lymph nodes. The tracheo-bronchial nodes 
were a ffected to a lesser degree, 1.vhile other nodes shov;ed 
no divergence from n ormalcy.. Hovrard ( 1899) a l so noted cells 
with eosinophilic granules in peri-bran chicle tissue and 
l y mph spaces. They were polymorphonuclear and mononuclear 
cells. Fanz (1919) found that in one case, fluctuating 
masses of glandular tissue developed monthly, for about 
five months, among several large glands. The tissue vvas 
excised and found to be composed of fibroid portions of 
lymph node. Trichina cysts v;ere found in four of the 
glands. Reasons for this grmvth were not mentioned by 
Fa.nz but Gould (1943) menti oned that the enlargement of. 
nodes in cases vrhich he observed was due to hyperplR,sia of 
lymphoid tis sue . He rrick and Janev-ray (1909) i nterpreted 
the presence of l a rvae in sinuses of the mesenteric lymph 
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nodes 2-nd in liver sinusoids as an indication that this 
organism travels by means of the blood streEtm and not bir 
. ; 
means of connective tissue as believed previous to this time. 
Although the larvae seemed to prefer skeletal muscle 
as a locus for settlement, they have invaded the many tissues 
and structures already mentioned. 
Invasion of the heart by many larvae is usually fatal • 
. fl.~ case brought to the attention of Ho,,rard (1899) shm,red 
congestion of capillaries and small \reins. In some veins, 
there vrere small accumulations of large and small mononuclestr 
leul{ocytes. No cells 1'-Tith eosinophilic granules ~tfere seen 
here. In places bet'ttreen myocardial fibers, there \vere large 
.s.nd small areas of cellular infiltration.. These cells in-
eluded sme"ll round cells, plasma cells, a few neutrophils, 
and some polymorphonuclear B.nd mononuclear cells with eo-
sinophilic granules. The patholosical observations made 
by most authors coincide . Spink (1934), for example, no-
ticed a.rterial hypotension on the sixteenth day of the 
disease. He claimed that myocardial lesions occurred as early 
as the second 1/feek of infection and may be the cause of death 
until the sixth week. In his investiga tions he fom1d, by 
the di gestion method, fourteen adult trichinae in the heart 
muscle. He questioned whether a toxin is or is not liber-
ated by the circulating larvae and felt that myocarditis 
was the result of the iN'Orms ' presence in the muscle. 
Dunl8.p (1933) stated thEtt myocarditis was caused by the 
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pres ence of larvae and not by a blood borne toxin. He said 
that the myocardium shol'red no react ion when larvae were 
encysting in muscle and that only the presence of larvae in 
the heart caused myocarditis; Spink (1935) asserted that 
there is definitely an etiologic relationship between larvae 
in heart muscle and myocarditis. Not until later was a 
more complete bl ood picture of trichinous myocarditis given. 
According to :McNaught (1938), 
"Trichinous myocarditis is not a specific pict ure . 
There is an actbre focal eel ular nfiltration of the myo-
cardium vrith lymphocytes ~ eos inophil e_ , llnd polymorphonuclears 
with necr osis and fragmentation of the muscle fibers appar-
ently caused by the migrating larvae . Encys ted larvae are 
rarely , if ever, found in the heart muscle." 
What HcNaught said of the non-specificity of trichinous myo-
carditis on the microscopic cellular level is also true of 
the macroscopic picture, according to Gould (1943). This 
author claimed that there was an increas ed amount of fluid, 
straw colored, turbid , or bloody, in the pericardial cavity . 
Young trichinae may be found in the pericardial fluid . 
According to this author the myocardium, particularly the 
endocardial and epicardial regions of the heart, will show 
mild edema, a passive hyperemia, scattered necrosis of 
muscle fibers, with ad jacent or surrounding interstitial 
infiltration of neutrophilic and eosinophilic polymorphonu-
clear l eukocytes, lymphocytes, macrophages and at times, 
plasma cells. The degree of eosinophil cell infiltration 
varies but may be especially rich beneath the endocardium . 
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Carter (1949) mentioned that about 1 to 2 i-teeks after 
infection , the individual may suffer a series of coughing 
spells. He theorized that at the time of the coughing, 
the larvae have reached the l1mgs and pulmonary circulation. 
Gould (1943) mentioned a somewhat similar fact. He showed 
hov1 the larval trichinae travel by way of the thoracic duct, 
the right side of the heart, the pulmonary circulation and 
finally the systemic circulation. During their passage 
through the lungs it is possible that some larvae leave the 
pulmonary cap~llaries and produce petechial heorrhages. In 
small animals' small nodules of consolidation and foci of 
suppuration•have been observed. He mentioned the pathology 
of such invasions at length but no blood picture was observed 
at this time. Goldi-tater (1935) reported that larval tri-
chinae in the lungs may produce embolization with hemoptysis 
in the alveoli and small bronchioles~ Howard (1899) stated 
that in lm1g infestation he observed polymorphonuclear and 
mononuclear cells with eosinophilic granules in the lymph 
spaces but not in the vessels. 
Frothingham (1906) found larvae in the sinusoids of the 
liver. Hm.;ard (1899) found many neutrophile here but no 
eosinophilic cells during infection. He also found polymor-
phonuclear and mononuclear cells with eosinophilic granules 
i n the · spleer.l. 
Among the many physiological disturbances in man which 
can be attributed to invasion by T. suiralis are neurologic 
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manifestations . These may be indicated, according to -
McNaught (1938), by a marked infiltration of the meninges 
by lymphocytes, plasma cells, fibroblasts, macrophages, and 
masses of eosinophils surrounding embryonic trichinae . In 
the region of the brain, there may be perivascular infiltra-
tion of polymorphonuclears, lymphocytes>plasma cells, gitter 
cells, and fibroblasts. Meyers (1918) reported three cases 
of trichinosis simulating meningitis . In each, there were 
meningeal symptoms and changes in the spinal fluid. In one 
case he observed clear fluid with 58 lymphocytes per cmm. 
In another case there were 50 cells per cmm . , and a third 
case, 80 cells per cmm. In these cases larval trichinae 
were found in small numbers, i.e. 2 to 3 in a field. Blood 
counts in the circulating blood at the same time shm>Ted an 
eosinophilia as high as 5o%. Gould (1943) stated that the 
types of lesions in the central nervous system due to T. 
spiralis were not constant. The meninges may be edematous, 
hyperemic,and show a non-specific, non-purulent inflammation. 
He mentioned several microscopic changes,such as hyperemia 
of the vessels of the meninges and brain, with perivascular 
infiltration of lymphocytes and some polymorphonuclear leuko-
cytes, proliferation of capillary endothelial cells, plug-
ging of capillaries and larger vessels with fibrinous thrombi 
and associated small foci of cerebral softening or degener-
ation, petechial hemorrhages, chromatolysis of the ganglion 
cells, fatty degeneration of the ganglion and glial cells, 
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focal granulomatous nodules consisting of glial and adventi-
tial cells(phagocytic or gitter cells, fi roblasts), lympho-
cytes and plasma cells. As early as 1906 , Frothingham re-
ported scattered hemorrhages in the cerebrum '"'ith cellular 
infiltration of endothelial and neuroglial cells, some 
lymphocytes and other leukocytes. 
The region which perhaps responds most uniformly with re-
gard to inflammatory response, upon invasion by 1,. spiralis, 
is the muscle area , and specifically, the changes in the 
connective tissue between the muscle fibers. Appropriately, 
the term "interstitial myositis" is derived.. McNaught(l938) 
described the manner in which encystment took place and the 
blood picture involved . Upon invasion, i·~· about ten days 
after infection, the muscle cells lost their striations 
(contractile substance) and assumed a finely granular appear-
ance \vhich now stained a blue-violet v1ith haematoxylin eosin 
stain, instead of the usual pink. Besides thi .s b~sophilic 
change in staining cha r a cteristics, t here was a gradual de-
generation of the muscle tissue beginning at the region of 
encystment and running along the length of the fiber. The 
fiber increased to 2 to 3 times its normal size as the 1,vorm 
began to curl up in it.. Muscle nuclei, normall;r close to 
the sB,rcolem.lTia, began to move medially tmrard the curled up 
la,rvae and increased in number and in size rapidly, becoming 
pale and f inally degenerating. The granular degenerated 
muscle fiber became homogeneous and compact, forming an 
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elliptical mantle around the coiled worm. Gould (1943) 
enlarged on this explanation. He named two composite por-
tions of the cyst structure. One is an innAr portion which 
is composed of the granular, basophilic, degenerated muscle 
fibers already mentioned. The outer portion is a homo-
geneous, hyaline, permanent capsule, derived from the sarco-
lemma, which enlarges until the larva is ten times its ori-
ginal size. Both Gould and McNaught observed the same blood 
picture in the interstitial inflammation which accompanied 
encapsulation of larvae. They observed a marked hyperemia 
and a cell infiltration of neutrophils, lymphocytes, tissue 
histiocytes, and occasionally plasma cells. Eosinophils 
appeared about the fourteenth day of infection. The inflam-
matory reaction reached its peak about the fifth or sixth 
week and gradually subsided over a period of several weeks. 
In the center of the inflammatory focus, during the second 
to the sixth week, trichinae were found as well as degener-
ating muscle. Eosinophils were usually absent around the 
body of the ls.rva but were prominent in the degenerating 
tissue at some distance from the coiled worm. 
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(d) Thrombus formations 
Microscopic examination of several tissues that have 
been invaded by T. spiralis may reveal characteristic blood 
pictures but also certain lesions that may be fatal to the 
host. These lesions are thrombus formations or blood vessel 
occlusions. This condition has als o been found macroscopi-
cally in several fatal cases. Bartlett (1909) reported a 
case of acute trichinosis in a patient which was fatal. At 
autopsy he found thrombosis of the pulmonary vessels and of 
the left femoral vein with edema of the left leg. The fem-
oral vein contained a thrombus extending to within five cen-
timeters of i t s upper end. Askanazy (1895) showed young 
trichinae in the lungs of rabbits, causing embolization 
with hemorrhage in the alveoli and small bronchioles. 
Bartlett believed with Askanazy that pulmonary hemoptysis 
came about three weeks after the onset of the normal symp-
toms of trichinosis ~ No other explanation for hemoptysis 
v-ras given than that the trichinae may have produced the 
embolus. Kilduffe, Barbash, and Merendino (1933) encountered 
a case of trichinosis accompanied by femoral thrombosis. 
Three days following admittance to the hospital, the patient 
felt pain in the upper thigh and the leg became cold~ The 
follo"ring day sensation was lost in the left leg and femoral 
pulsation could no longer be detected~ The authors felt 
that femoral occlusion was evident~ The leg was amputated 
and the patient died two days later. The autopsy showed a 
wel l org8~nized clot sho.,ring ante-mortal origin . The left 
femoral e.nd left externa.l iliac "'rere completely thrombosed 
up to the point of bifurc~tion with the common iliac. No 
immediA.te gross evidence and no incitants \vere seen to ex-
plain the block. Kilduffe (1933) believed that the l a rvae 
were too small to sug~e st their constitutin a block . He 
mentioned that out of thousands of nrerious cases of trichjno-
sis no t'b.rombus formations had been recorded. (A search 
into the literature shows several reports of this nature 
previous to this publication). He felt that, due to the 
history of the pain, the coldness of the le~, and the l ack 
of previous abnormalities, thi s ,,.a.s an embolus, and not a 
thrombus. Barbash (1933), in a joint publication with 
Kilduffe ~:tbove, reported e. c8.se of a thrombus in t he ax 1-
A.ry <:':"tery of a person who ha taken '..Vood alcohol b t he 
did not sug~est any rel ationship. Spink (1935) , in review-
in>--: the "'rork of others on CRrdiovasculRr complications in 
trichinosis, reported fi.ndings of thrombosis and infarction, 
peripheral •renous thrombosis and a fresh thrombus in the 
ventricle. Murphy (1940) studied several cases of trichino-
sig e.nd fo"Lmd that most recovered afte r two to three ~..veeks in 
the hospital . A s mall number of severe cases, hmrever, had a 
prolon,R:ed stay and in one severe case, he fmmd thrombo-
phlebitis of the left femoral vein. No further discussion 
of this throm'Josed vessel vms made. In examining v<>,rious 
tissues of trichinous patients, Carter (1949) saw small 
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areas of hemorrhage in the lung. Many small vessels were 
thrombosed. Gould (1943) also had the opportunity of exam-
ining many cases of trichinosis and observed thrombi in 
the heart and in the central nervous system. The cardio-
vascular lesions included thrombosis of the endocardium, 
arteries, veins and capillaries. He suggested that probab-
ly fibrosis of the heart may follow recovery from a severe 
infection of trichinosis~ 
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(e) Blood changes in some anim~ls infected with trichinosis 
(white r a ts, \'lhite mice, pigs, guinea pigs, rabbits, monkeys) 
It is generally accepted that T. spiralis makes use of 
the circulatory system for transporting itself throughout 
the body . We can, therefore, expect changes to occur in 
this fluid tissue as a result of infection . A.lthoug_h. l:~.bora-
tory animals play a prominent part in studies of trichinosis, 
we should not assume that blood picture changes will be si-
milar in man and in anima.ls infected ~>ri th Trichinella . 
There may be, for example, considerable variation in the 
degree of eosinophilia, its persistence, the concurrent 
change~ in the number and size of other blood cells, etc . 
Nevertheless leul{ocytosis and eosinophilia are seen in most 
cases of both. Many workers have attempted to relate the 
severity of the disease in animal s to the number of larvae 
ingested. iN"ith this point in vie"tJ~r, Hunter and Group (1940) 
fed 50 to 300 la.rvae to several groups of white . mice. 
They found no.leukocytosis in moderate infections. In ani-
mals given 300 larvae, the eosinophil count rose to 29% 9.nd 
remained a.t this level for seven vreeks . These vmrkers esta-
bl . b d th 1 ·n h.l t · bit · ;, J, al . ls _e e norma eosl op l coun ln w_ . e mlce as . .,. • .,.1o. 
At the same time, the lymphocyte count i n these animals 
rose from 63% (the norm.sl) to 77% 'ltTithin ten de.ys, and 
dropped to 51% El.nd then gradually rose. In other mice tested 
there -vras a marked decrease in lymphocytes concurrent i:Ti th 
eosinophilia. No great changes ''rere s een in the basophil, 
monocyte, or neutrophil counts. Beahm and Dmms (1939) 
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fed va r y ing a.mounts of larvae to a lbino rats a.nd found a 
marked rise in neutrophile, even in mod.era.te infection. 
Leuk ocytes is and eos inophilie. occurred as usual. These 
authors gave 25 to 50 worms to each of four rats. There 
was little cht=m::re in the total white blood cell count. The 
e osinoph l count did not exce ed 3% and lymphocytes decreased 
sli ~htly in number. Neutrophils rose from a normal 18% to 
a. 30% count. T\lro rats were fed 100 to 200 1,'/'orms each. The 
results 'trere the same as above but for an increa sed rise in 
neutrophils to 37% and 397L One ra.t 1tras given 400 to 500 
larvae. The result lias a leu1{ocyte count of 25,000 per cmm. 
on the sixteenth day after infection . The neutrophile 
rose to 48% ~md the lymphocytes dropped to 49% from a normal 
of 76%. In another test, 600 to 700 worms i-'Tere fed to some 
r a t s to produce infection. The white blood cell count rose 
to 33,000 per cmm. and eos inophil count r eached 8%. 
Neutrophils reached 55% and l ymphocytes dropped to .!.~o% . 
T1-10 ac1 r::1i tiona.l tests, using 900 to 1300 larvae, br•ought 
dea th to the animals in about 30 hours. In these, the 
neutrophile rose to 62% and the lymphocytes dropped to 30%. 
In general, it seems that a heavy infection results in a 
marked rise in neutrophils and a. likewise large drop in the 
lymphocyte count. The number of eosinophile 11tas not notice-
ably affected . A study w-as made by Opie (1904) on the re-
lation of the weight of an animal, the severity of the ini-
tial infection and the leukocyte and eosinophil response . 
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He shm.ved hmv guinea pigs lose weight gradually and inversely 
to the eosi,jophil cell rise in percentage. One animal ''rhich 
weighed 481 grams was fed 2000 l a rvae. It showed an eosino-
philia of 15% in 21 days and lost 19 grams of wei~~t. In 
32 days, the eosinophil count i'rent dmvn and conversely, the 
weig__ht increased ~ In other experiments; the author attempted 
to feed over 6000 larvae to each of several guinea pigs. 
This resulted in death in 12 to 20 days . In these experi-
ments, just as in severe infections in man, there is an ab-
sence of eosinophile in the blood. In the experimental ani-
ma,ls, this is pa ralleled by a rapid drop in vrei ght . Opie 
(1904) felt that ma,rrow changes are responsible for this rise 
in eosinophile in moderate infections . In the pig, Maas 
(1933) related that eosinophilia occurs early and is simila r 
to that of rabbits and mice being in direct proportion to the 
number of vrorms ingested. \~orking with rats, Van Some ran 
(1938) found blood change s developing within four hours after 
infection. He found that in a heavy infection, the eosine-
phils did not increase and at times disappeared. In a mild 
or moderate infection, the eosinophilic response came in 
three days and reached a maximum after one v-reek. Obser•va tions 
of the blood picture in trichinosis have been, to a great 
extent, limited to the study of leukocyte variations. Al-
though Beahm and Downs (1939) reported that there 1Jrere no 
changes in red blood cells in albino rats, vlantland ( 1937) 
shm·red many changes due to trichinosis . He made 
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blood studies on a group of ti'lelve white rabbits which in-
cluded a red blood cell count; haemoglobin estimation, spe-
cific gravity, clotting time, fragility test, and size of 
erythrocytes~ These twelve rabbits ·we.re exe.mined from 1 to 
7! months previous to infection and from t to 7t months after 
I 
1
' infection~ The only factor~ :· of those listed abov~, which did 
I' 
not fluctuate was the osmotic resistance of the cell mem-
brane. Haemolysis rarely occurred in a sodium chloride 
solution of . 46o% which seemed sufficient to prevent laking . 
The author explained fluctuat ions in the rabbits when unin-
fected in this way~ 
"It has been repeatedly shown by investigators in phy-
siologic and immunologic work on rabbits that even a slight 
deviation from the regular procedure of puncture (ear punc-
ture) 1-.rill often result in a temporary polycythemia due, 
very probably, to splenic contraction." · 
Strict precautions, therefore, were practiced by the author 
during these experiments . Before infection, the red blood 
cell count was found to range from 4 to 6 million per cmm. 
of blood. In six rabbits~ he oberved hyperglobulia, the 
cause of which and the relationship to the other factors 
~ras not known . The author stated that a rise in hemoglobin 
·1 percentage and in specific gravity of the blood is expected 
II 
,, 
I 
I 
I 
to accompany this increase in red blood cells but such did 
not ocurr. He also stated that the fluctuation of the clot~ · 
ting time, although noticeable, did not seem to occur with 
any relationship to the other factors involved. The size 
of the red blood cells in the normal rabbits varied from 
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I 3 to 8 microns. One hundred cells were measured. The con-
stant mode was found to be six microns . In infected animals 
the author found a definite erythrocytosis~ During the 
period before and up to nine weeks of infection~ the count 
rose from six million to eight million five hundred forty 
thousand per cmm~ Paralleling this, he observed a rise in 
haemoglobin percent up to 129.59 in three animals~ Other 
1, rabbits also had high readings in haemoglobin~ He stated 
II i' that the color index was not significant. It reached a high 
I 
of mo r e than 1.0 in only one case. The others had an index 
of less than 1.0. The specific gravity 9f the blood ahvays 
.increased follovting a, rise in haemoglobin percentage and in 
' II 
red blood cell count. Frqm three to five weeks follovting 
infection, there was a small but noticeable decrease in 
clotting time. The author felt that this may be the result 
of the mobilization of blood ca lcium to be used a, s a pro-
tective measure in hemorrahages caused by the passing 
trichinae. 
During the time betvteen three days to three months 
after infection, there v.ras a marked macrocystis of the red 
blood cells in ten out of twelve infected rabbits. In the 
other two, a microcystis was observed. The true modes re-
mained the same at six microns. The author felt that this 
re action in the si ze of red blood cells seemed to constitute 
a respon·se to the parasite or to toxic substances. The real 
reason is, of course, not l{nown. The author felt that 
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perhaps the toxic products change the permeability of the 
red blood cell wall to permit an increased diffusion into 
the ce 11, of 1rra.ter and salts. Such a change in premeabili ty 
must necessari l y be very minute and a delicate ba lance be-
tween cell e.nd plasma '!Vould have to be established. 
The evaluation of fasting blood sugar and of dextrose 
tole rance f or rabbi t s infected '.'lith T. suil"•alis was 1rrorked 
out by Augustine (1936) and is discussed in Chapter 4. 
Spink (1934) observed that vaccines and bacterial or 
parasitic infections, concurrent with trichinosis resulted 
in a change in the blood picture that is seen with trichinosis 
only . He investigated this phenomenon using guinea pigs three 
months old . The materials used were a viable H 37 culture 
of tuberc le bacillus, a dead culture of the same, a fresh 
cultur e of Stauhilococcus aureus, heat, typhoid vaccine, and 
Trvuanosoma eguiuerdurn. 
Four guinea pigs i•rere injected vrith .0005 grams of H 37 
culture of tubercle bacillus in sterile saline (injected 
subcutaneously at the inguinal region). Fifteen days l~tter, 
trichinous meat was fed to three animals so injected and to 
one normal an imal. One tuberculous pig v.;a s left as a con-
trol . In the trichinous pig ,_ there v-ras a characteristic 
c=tbsol ute eosinophilia., a. slight decree.se in neutrophile a.nd 
an absolute increa se in lymphocytes. In the tuberculous 
Etn ima.ls infected with!. · spiralis, the eosinophil count was 
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1. 5~~ or slir.1:htly more. More neutrophile lN"ere seen th.9.n 
lymphocyt es and there were changes in the monocyte count. 
In both , the tot ,g_l white blood cell count was variable, 
ranging from 8500 cells per cmm. to 16,000 cells per cmm . 
In order to test the effects of this bacterial infection, 
after eos inophili8. due to trichinas is had occurred, the 
author used the same concentra t ion of the viable tubercle 
bac illu s solution twenty days after eosinophilia was r e -
corded. A..t this time, the eosinophile had reached 8~L 
Seventeen days later they were reduced to .5%. Acc ompanying 
this action, there was an absolute increase of neutrophile 
and a decrease of lymphocytes. The total vrhite blood cell 
cou..n.t W9-S not consta.nt. Using a dead culture of tubercle 
bacillus in lee. saline, there was no decrea se in eosino-
:phils and no great change in the total whit e blood cell 
countv 
Twenty one days after infecting four guinea pi gs wi th 
tri chL'l.ous meat, the author injected staphylococcus subcu-
taneously in the abdominal tissue of three animals. One 
r ema ined RS a trichinous control. I n the former group, in 
t 1r¥enty four hours, there was a great decrease in eos inophils 
and a sv-relling at the site of injection, indicating inflam-
mation. Two dA.y s le.ter the eosinophile continued to decline 
reaching a minimum of less the.n 500 per cmm . This 1:1as 
follmved by a. sharp rise to about 3000 per cmm. Four days 
B.fter the first injection of staphylococcus, a second 
II 
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injection of the same \vas made. The eos:.Lnophil count 1vas 
redueed R,s before v-rithin three dg,ys. . The effects of heat 
were qls o observed. In this test four guinea pigs were used. 
T1 ro of them had a staphylococcus i nfection imposed on tri-
chinos is, one >tras infected "\i\fi th staphylococcus only, and 
one remained uninfected . The anirn.q ls were placed in a cage 
where electric he~ters were directed at them . The tempera-
ture of the heaters remained at 34 to 60 degrees Centigrade 
for 24 hours. Tissue sections of the animals subjected to 
he~t showed lRrge areas of packed eosinophils in the fi-
brous tissue bet"reen muscle fibers. This fibrous tissue was 
ne"rly formed 9. s shovvn by many mi totic fibroblasts that \'lere 
present . The eosinophile were bilobul.OJ.r and elongate as 
though moving in one direction. 
The author also used a typhoid vaccine in his experi-
ments T,vhich was a stock preparation conta.ining 2,500,000 
killed typhoid or pe.ratyphoid A and B bacilli per cc . 
Trichinous meat and ~5 c c. of this stock preparation were 
injected subcutaneously into the abdomen of four guinea 
pi~s . No leukocyte changes vJere noted .. A \i\feek later, 1 . 5cc. 
ivas g iven to each animal and in 24 hours, t1N'0 of them de-
veloped leukocytosis, while three shov.;ed a rise in neutro-
phils wi t h a dec~rease in eosinophi le and lymphocytes . One 
week l ater, 3cc. were injected with the same results. 
Then 1.5cc . , 3cc., 4cc . and 4cc . were g iven to the same in 
6, 7,3, and 6 days consecutively . Leukocytosis follmve d 
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each injection. There was an increase of eosinophils on each 
occas ion also a rise in neutrophils. The lymphocytes re-
mained constant in number. With the administration of 
typhoid vaccine, the author believed that the increase of· 
eosinophils was due to the fact that the animals were sensi-
tized to this proteine 
In another experiment, four guinea pigs were given liv-
ing T. eauinerdum intraperitoneally. This was follo~>red by 
a trichinosis infection. There vms no noticeable rise in 
eos inophils. There ~>ras, however, first a leukocy topenia, 
then a steady rise in the total vvhi te blood cell count. 
Spink a lso infected some animals, first with trichinosis 
and then wi th _!. equiperdum. In this case the blood picture 
showed, first a decline in the eosinophil cells, then leuko-
cytopenia . There was no change in the neutrophil-lymphocyte 
ratio . 1tl't1en T. equiperdum alone w-as given to two animals, 
there was a decrease in the total vrhite blood cell count 
in five days. The count then rose to a subnorme.l level. 
There '\'las also 8 drop in the nwnber of eosinophil s and neu-
trophile while the lymphocyte count increased. It is evi-
dent from all these experiments that a bacterial infection 
results in a sharp reducti on of eosinophil cells and the res-
ponse to the protozoan is a rise in lymphocytes. Others 
confirmed the findings of Spink with re gard to the eosinophil 
count during a bacterial infection in a trichinosed man or 
animal. K13.ufman (1940) stated tha t one of the reasons for 
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the lack of eosinophilia in man is a concurrent bacterial 
infection . Gould (1943) mentioned that the eosinophils of 
the blood may be diminished in number or may disappear en-
tirely in severe infections or before death due to trichi-
nosis or during a complicating bacterial infection. 
Hormones also exert an influence on the blood picture 
in trichinosis. Stein (1949), working with anima,ls, re-
lated that there is a reduction of eosinophils a few hours 
after stimulation of the adrenal cortex 1,..rith adrenotrophic 
hormone. The same effect will also be produced upon the 
administration of cortical hormone or epinephrine 'trhich 
stimulates the pituitary to secrete adrenotrophic hormone. 
She stated that besides the drop in eosinophils, there is 
also a drop in the lymphocyte count. Larsh and Nichols 
(1949) also mentioned that the e,drenal hormones would re-
duce the number of circu_lating eosinophile and that the 
adrenotrophic hormones would do the same providing the 
adrenals are intact. A closer examination of the work done 
with hormones may be seen in chapter 5 b. 
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IV Changes in Blood Chemistry 
(a) Changes in blood sugar and in other plasma consti-
tuents 
A treetise on the blood picture in trichinosis necessar-
ily entails a dis cussion of the ba.lance and imbalance of 
inor 0 anic and organic chemical elements of the blood. 
Aside from qualitative and quantitative changes of the formed 
e l ements , there a.re changes in the levels of calcium, phos-
phorus, chlorides, proteins, suga rs, salts and WEtter . 
Carter (1949) observed hyperglobulineamia in a trichinous 
patient that persisted for months.. He rema.rked thEtt this is 
a unique and unusual response to trichinosis. Kaufman (1940) 
made thorough investigations on trichinous patients. In his 
general symptomatology, he attributed dehydration and acido-
tic breathing to diarr·hea a,nd vomiting with a subsequent up-
set in salt and water balance . He said that we should expect 
to encounter abnormalities of blood chemistry in association 
with vomiting, diarrhea and dehydra.tion. These changes in-
elude lov.rered carbon dioxide combining power, sli ght increase 
in Non-Protein Nitrogen, and occasional loss of a fixed base 
CJ,s loitt serum calcium or sodium. Hanes ( 1936) recorded several 
plasma rea.din .rr. s made by Dr. Monk of Salisbury. On admission, 
a uatient infected itr ith trichinosis I'Tas found to have the 
fo llo1tring : calcium 7.3 mg .%, phosphorus 4.1 mg . %, plasma 
chlorides 532, carbon dioxide combining power 70 volumes %, 
plasma proteins 2.5 g .%, a lbu..min .84 g . %, globulin 1.66 g . % 
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vri th Em a. lbumin-globulin ratio of 34 to 66 . 
Augustine (1936) tested the blood sugar values and tol-
erance for dextrose in :eabb i. ts B .. nd in people infected vli th 
trichinos is. Fasting blood sugar values were done on seven 
rabbits. Rea.dings ;rrere taken up to nine days before in-
fection with _T e suiralis in order to discover the normal 
level in uninfected animal s . (Table 2) . Readings were also 
t aken for 47 days after infe ction a.pproximB.tely tviO a.nd one 
hB.lf days bebreen each reading . There was a tendency for 
high blood sugar VEtlues but thls hyperglycemia was of a 
trc:msient na.tu.re accoi"ding to Augustine . Tolerance tests 
were performed on some of these same rabbits . Each of four 
rabbits was given 5 g~ of dextrose in 25 cc. of water by 
stomach tube . The day of infection was recorded for each 
a.nd readings l•rere taken a.pproxima.tely every seven days for• 
51 days or less. The day on which readings wer·e taken, the 
investiga.tor m<.J.de a record of the fa.sting blood level and the 
level after one half hour, one hour and tv.;o hours. It itTaS 
found that animal # 14 died because of gas in the stomach 
and diarrhea. The others sho'V'red no great changes (Table 3). 
Experiments ;rrere also performed on sever•al humans, male and 
female (Table 4) . Records of fe.sting sugar va.lues were 
ma.de on fourteen patients. The author felt that the lovr 
values of p!Ol.tients one to nine v;ere likely due to starvation 
of malnutrition and not to the parasite.. In the dextrose 
tolera.nce test, using five fema .. les and three males, readings 
49 
Age of infection Rabbit # 
Days 10 11 12 1:2 14 15 16 
Before 9 100 105 105 
nfection 5 1 01 100 108 
2 111 111 108 
1 100 1 11 111 108 108 
5 100 100 105 111 125 125 
After 7 100 1 00 108 105 
infection 9 100 93 103 
11 121 129 117 
12 94 95 1 05 
15 100 93 111 
18 94 112 125 
19 95 100 100 
23 dead 108 103 95 
25 1 00 91 
26 92 95 118 
30 100 91 
33 105 111 129 
36 110 95 
37 97 
40 dead 118 153 
44 95 
47 95 111 
Table 2 Read i ngs on the fasting blood sugar values f or 
rabbits . No f ood was given fo r one day before 
the test . Augus t i ne (1936) 
* milligrams percent 
~'" 
.e Rabbit # Day of Blood sugar mg.L 100 cc. 
infection Fasting after dextrose 
2 hr. 1 hr. 2 hrs. 
12 0 105 121 118 100 
7 125 167 154 143 
14 105 167 210 105 
24 103 160 175 105 
31 105 
38 105 
14 0 111 200 182 118 
8 105 154 167 100 
9 200 286 333 307 died 
15 0 105 182 154 111 
11 95 167 167 125 
15 111 160 182 118 
25 121 174 167 117 
e 29 105 160 141 114 43 100 150 143 114 
16 0 108 175 183 114 
7 
15 105 182 222 117 
24 95 160 182 111 
37 97 154 175 105 
44 95 
51 100 168 154 117 
Table 3 Readings on the dextrose tolerance of trichinous 
rabbits given 5 g. dextrose in 25 cc. of water. 
Augustine (1936) 
* rrdl1igrarns percent 
~--
Case # Sex Age Age of infec tion Blood ' sugar 
in days mge/100 cc . 
1 m 38 10 87 
2 f 38 10 91 
3 f 18 10 77 
4 m 17 10 87 
5 m 14 10 83 
6 f 11 10 85 
7 m Q 10 92 
..-' 
8 f 12 10 85 
9 f 6 20 74 
10 m 28 21 98 
11 f 10 25 98 
12 m 19 28 107 
13 f 14 28 83 
14 m 42 35 111 
Ta.ble 4 Readings on the fa sting blood sugar of 14 
patients infected with Trichinella . 
Augustine (1936) 
were taken at one half hour, one hour, two hours and three 
hours. The approximate number of days of infection were also 
recorded. The r e asons for the high levels of patients four 
and five were not known. The author believed that further 
tests might have revealed a cause (Table 5). The author 
stated that in all of these expe riments on tolerance, it was 
evident that trichinosis did not influence the tolerance for 
dextrose. Carbohydrate metabolism is slightly disturbed, if 
at all, and this is transient and variable. 
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Case # 
1 
2 
3 
4 
5 
6 
7 
8 
Table 5 
' 
Age Sex Days of Blood sugar in mg .LlOO cc. 
infection Fastin~ after dextrose 
t hr. 1 hr. 2 hrs. 3 hrs. 
6 f 19 74 153 153 125 . ~~ 
52 m habitually 93 167 154 83 
eats pork 
10 f 25 98 153 105 96 88 
14 f 28 83 133 169 160 101 
19 m 28 107 151 202 221 
12 f 28 85 172 133 61 
42 m 35 111 182 167 83 
6 f 20 74 153 153 125 
Readings on the dextrose tolerance of eight 
trichinous patients. Augustine (1936) 
* milligrams percent 
(b) Changes in blood salt concentrations 
Experimental work was done on blood chemistry in human 
trichinosis by Pierce (1939). The data was taken from 
studies on 44 infected men from a CCC camp in Vermont. The 
date of infection was established at October 27, 1937 and the 
men were admitted to the hospital from November 5 to 23. 
For t\'TO months f?llm-ring this la.tter date, sa.mples of blood 
were taken weekly before breakfas-t. In June· 1938, blood 
samples from 20 of these men vrere taken at camp to determine 
"tt;hat chemical changes might have occurred since their dis-
charge. Typical results on the 44 patients for the period of 
their hospitalization are found on Table 6. This author felt 
that if the calcium-phosphorus ratio went do"l'.rn, it was pro-
bably due to the cod liver oil, calcium therapy . The men were, 
therefore, divided into two groups of 22 each. Chart 1 is a 
weekl: record of the calcium and phosphorus rea.dings in 
milligrams. Treatment vms begun on the fourth week.. One 
group received daily, one-half ounce of cod liver oil and 
45.90 gra.ins of calcium glucona te. The other group ~<ras an 
untreated control. One fact here requiring investigation 
vrould be the rise of calcium level in the untreated group in 
the 6th, 7th and 8th week since it was believed by the author 
the.t the treatment given should have maintained a calciu..m 
level in the treated group. The reason for a drop in calcium 
to 8.3 milligrams in five weeks was unknovm. At any rate, 
the levels in both groups were close to normal and we may 
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I Date :::a. p Ca :P Cholesterol N.P.N. Sugar Cl .. ~:-
I Nov . 26 6 .7 4 . 0 1.6 130 25.8 81.7 490 Dec . 1 8.3 4.2 :t.9 156 20.3 89 .0 477 I 6 8 .0 4.4 1.8 226 34.7 87 .7 454 
9 9 .1 5 . 0 1 .8 216 33.7 91.7 453 
15 7 .2 L~ . 1 1.7 194 29 . 9 87 .4 436 
20 9 .8 4 .9 2 .0 255 38 .7 84 . 5 469 
28 9 . 4 4 . 6 2 .0 201 30 .0 95.3 488 
J an. 7.i 10 .1 4 . 6 2.2 256 35 .7 85.2 474 _.; 
6 9 . 4 4.2 2 .2 242~ 32 .9 92 . 5 466 
10 10 . 0 4 . 4 2.2 158 33 .5 86.6 484 
14 10.3 4 . 2 2 .4 294 43 .8 87.3 487 
Table 6 Typical readings on 44 pe.tients taken one month 
after infection . Pierce (1939) 
-~~ milligrams percent 
I 
11 
I! 
'I 
I' 
II 
_L 
-I 
10 
Mg . 
9 
8 
7 
6 
5 
' 4 
3 
2 
1 
Chart 1 
II 
Ca . 
. ' 
_/ 
/ 
/ 
,--
. 1------~-r:-! 
' I I 
___ Trea.ted 
-----Untreated 
P. 
0 1 2 3 4 5 6 7 8 
weeks 
The calcium 8,nd phosphorus readings 
fected with Trichinella. Treatment 
these men , be~an on the fourth week. 
Pierce, l939) 
on 44 men in-
for ha.l f of 
(adE~.pted from 
conclude that the treatment had no m2.rked effect acc ording to 
the author. On Ch2"rt 2, readings of NaCl and of cholesterol 
a re recorded. Again the groups were divided into trea ted and 
untreated on the fourth \veek . The author felt that the low 
chloride vm.s probably due to the febril e condition. The 
re:.:tding s improved when the fever left. Pierce (1939) felt 
that probably the treatment was of no help. The effect of 
vitamine D on blood cholesterol was not known, so it is not 
kno'\'m if the change in the cholesterol reading in the treated ' 
p~.tient was due to the trea.tment. On Chart 3, sugar and Non-
Protein Nitrogen levels are recorded. The sugar chang es were 
not significant since 90 to 110 milligrams percent is the 
norma.l range. The Non-Pr otein Nitrogen rea.ding was not 
significant either. The general rise is probably due to the 
increased food intake during hospitalization and not to a 
kidney disfunction. Treatment ha"d no appreciable effect. 
Pierce (1939) felt that better results would have been ob-
tained if blood studies \vere made sooner than one month after 
infection . He shm-.red hovr ~'l'antland (1937) believed that 
chemical cha.nges are probably due to tissue breakdovm B.nd 
tha.t the greatest differences occur during the first to the 
sixth week after infection . 
52 
480 
Hg . 
460 
440 
230 
220 
210 
200 
190 
·e 180 
l 
Chart 2 
___ Trea ted 
Untrea.ted 
Cholesterol 
," 
I ' . 
I ,; ./ 
I ,/ 
I / 
,. 
/ 
/ 
2 3 4 5- 6 7 
weeks 
The NaCl a.nd cholesterol 
fected with Trichi nella. 
these began on the f ourth 
Pierce, 1939) 
8 
readings on 44 men i n-
Treatment f ·or ha.lf of 
week. (adapted from 
Mg . 
80 
36 
34 N.P.N. 
32 
30 
2 3 4 5 
week s 
\ . 
6 7 
\ 
\ 
8 
___ Trea ted 
Yntreat ed 
Chart 3 The s t_gar a .. nd N. P. N. readings in 44 men infec t ed 
with Tr ich inella. Trea t ment f or half of t h es e 
began on the fourth week . (adapted from Pierce, 
1939) 
V Effects of Various Substances on the Blood Picture in 
Trichinosis 
(a) The effect of vacc:i.nes, bacteria, and parasites 
In a series of controlled experiments, Spink (1934) 
infected three month old guinea pigs with viable and dead 
tubercle bacilli, fresh cultures of Staphylococcus aureus, 
typhoid vaccine, and Trypanosoma equiperdum. (The details 
of these experiments have been outlined in a previous chap~ 
t er.) It was seen that when a bacterial infe ction runs its 
course sirm1ltaneous with an infection of T. spiralis, there 
was a decrease in eosinophils. 
(b) The effect of hormones and other substances 
Adrenal hormone s have been tried recently on trichi-
nized rats and mice in order to test their effect on eosine-
phils. Larsh and Nichols (1949) infected sixteen two and 
one half month old rats in the following manner: three were 
given 500 larvae, thre e given 1000, three given 1500, three 
given 2500 and four remained as uninfected controls. The 
infected animals were reinfected after 30 days with 2000 
larvae each. It was found that the eosinophilic response to 
infection was poor. (l'hinking that t his may have been due to 
the strain of rats used, they tried the same experiment with 
another strain and again the eosinophil response was slight. 
The author felt that it was probably the strain of 
Trichinella which elicited such a response. 
In another experiment, nineteen rats were adrenalecto-
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mized by these authors. Of these, eleven were given 1000 
l arvae five da.ys after adrenalectomy \'lhile eight served as 
controls. It was found that adrenalectomy only slightly in-
fluenced the number of circulating eosinophils in infected 
rats. The peak of eQsj_nophilia, 67& , was reached i n twenty 
three days. 
Stein (1949) fed viable trichinae to severa.l mice and in 
three to four weeks, a hi gh eosinophil count was obtained 
which persisted for several \'leeks. In this condition, cer-
tain test materials were administered subcutaneously to the 
mice and blood counts were made on tail blood in 6, 24, and 
48 hours. The materials tested vrere adrena l cortex in peanut 
oil, testosterone proprion~te, estradiole diproprionate, 
epinephrine, urethane and peanut oil. Using adrenal cortex, 
a drop in the eosinophil count was recorded in six hours to-
ge ther with a drop in the total number of white blood ce lls 
and lymphocytes (Table 7). A drop in eosinophile resulted 
upon the injection of epinephrine in intact, but not in ad-
renalectomized, trichinized mice. In adrenalectomized ani-
mals, the total v.rhite blood cell count doubled in six hours, 
itThile the count of eosinophils and other cells remained the 
same. The sex sterols had little or no effect on the number 
of circulB,ting eosin ophils. No significant change s itTere ob-
served with the use of pee.nut oil. The administration of 
urethane resulted in a marked drop in the number of eosino-
phils and also in the number of l ymphocytes, in intact mice. 
54 
I 
I' 
Test material 
o.l cc. lipo adrenal 
cortex 
o.o2 mg . epinephrine 
per 100 g . b ody 
·we i ght 
h ourly for 4 hours 
Blood pictur~ 
Eosinophils 
leukocytes 
12.yr~ to 
1.6% 
16,000 per 
cmm. to 
6 hours 
lymphocytes 
10,700 per cmm. 
loss of 2,900 
per cmm. 
in intact mice 
eosinophils 14.3% to 
2.4% 
lymphocytes no change 
in adrenalectomized mice 
leukocytes count doubled 
eosinophils no change 
6 hours after 
last injection 
Table 7 The effect of · some hormones on the blood picture 
in trichinized mice. 
It was found that adrenalectomized mice did not tolerate 
urethane, hence it was not known whether or not urethane will 
cause a drop in the eosinophil count in the absence of the 
adrenals. 
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VI Discussion 
One of the problems of the early workers in blood picture 
diagnosis was the origin of the large numbers of eosinophilic 
cells. Brown (1898) believed that they were transformed 
neutrophils. Howard (1899) believed they were transformed 
plasma cells. Both workers held that the transformation 
took place as a result of stimulation from toxic substances 
derivea either from the worm or from the tissue invaded by 
the worm. It is not difficult to imagine that these toxic 
substances, at the site of tissue invasion, may act as 
chemicals in changing the acid-base relationship in the blood 
to produce eosinophils, as suggested by Nabajiban {1933). 
On the other hand, Opie (1904) related that eosinophils ori-
ginated in the bone marrow. He observed eosinophilic myelo-
cytes and mature eosinophils in large amounts in this area 
after infection. Perhaps the strongest argument in favor of 
the transformation theory is the fact that Brown (1898) ob-
served an eosinophil-neutrophil ratio in fascicule~ vessels 
as well as in the site of larval invasion of muscle tissue. 
In this latter area, there was found first more neutrophils 
than eosinophils, and after infection an inverse picture. 
In the former area the neutrophils always outnumbered the 
eosinophils. 'l'his fa.ct may indicate two things. First, it 
may indicate that a transformation did take place and neutrQ-
phils (or plasma cells) became eos:tnophils in response to 
external stimuli. Second, it may indicate that eosinophils 
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were supplied to the infected area by the marrow, and the 
workers d id not detect their passage through fascicular 
vesgels. One reason why Bro\<m did not observe many eosino-
phile in fp,scicula.r vessels may be that his blood counts 
were made during a diminution in the number of circulating 
eosinophils, according to the dual wave theory mentioned by 
Della Vida and Dyke (1941). 
Gould (1943) stat ed that eosinophilia does not occur in 
people until the l arvae invade the muscles which then elicit 
a response . This takes place bet,~reen the 3rd and 5th "'J'eek 
after infection according to this author. Kaufman (1940) 
felt tha. t in t,,,o V~reeks after infection eosinophilia would 
be e'l!ident . Oppenheim et a.l. (19-4-7) stated that eos inophilia 
occurred during the stage of l ."'.r'ITa.l inYa.sion of muscle t ::_s sue 
or about nine da.ys after infection. Della Vida and Dyke 
(1941) claimed that eosinophilia occurred one week after in-
fection . Perhaps the divergence in the stated amounts of 
time necessary for the occurrence of eosinophilia can be ex-
plained by the dual \va.ve theory mentioned by Della. Vida and 
Dyke. These authors mentioned dual 1t1aves of eosinophilia., 
the first of \'rhich comes in about one week after infection. 
This wave ma.y not have been seen by others because ma.ny '..rork-
ers did not make blood examinations until lEtter than the first 
week a.fter infection and, therefore, did not observe the first 
wave. Infected patients begin to feel symptoms one to two 
weeks after infection and it takes a little longer for them 
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to realize that they must consult a doctor for examination. 
1Neindrach (1929) reported that polyglobulia took place 
about 30 days after infection. Many authors also reported 
polyglobulia in trichinosed pattents. They vvere unable to 
establish the length of infection, 1orhen polyglobulia \vas ob-
served, since the patients had a record of eatine: pork 
several times during the month preceding admission to the 
hospital. Hence it is not certain how long after an in-
fection takes place, that polyglobulia will occur. 
It was not knmm by Kilduffe et al. (1933) or by 
Bartlett (1909) vV'hat the causes of the thrombus formations 
were, that occurred concurrently 1.orith a trichinosis infec-
tion. Kilduffe was opposed to the thou~h that larvae con-
stituted a block since they were too small. Chemi cal acti-
vity in the blood, due to trichinous infection is a possi-
bility, according to Ba.rbash (1933) vrho once observed a 
thrombus in the axillary artery of a man ,.orho had imbibed 
wood alcohol . A chemical activity, namely, the alteration 
of the acid-base equilibrium ln the blood, incites eoslno-
phtlis, a~aording to Nabajiban (1933). A sufficiently large 
alteration may be the inc itant for thrombus formations . 
< • 
The authors who observed thrombi did not mention the 
reasons for them. No mention was made of blood cell a . glu-
tination of blood platelets . 
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VI I Summary 
(1) It was found by all investigators, who studied the 
blood picture in trichinosed animals and man, that there was 
a definite leukocytosis. Accompanying this was an eosino-
philia, ranging from 7% to ·68%. 
(2) Several authors, such as Carter (1949), Della Vida 
(1943) and Brown (1898) noticed a dual wave phe nomenon in 
eosinophilia. The first wave reaching a peak at about the 
16th day in man and the second wave at about the 30th day 
after infection~ 
(3) Most workers believed that eosinophilia occurred 
when the larvae invaded a skeletal muscle in which they in-
tended to encyst. Della Vida (1943) stated that the first 
wave of eosinophilia may occur after the larvae have im-
bedded into the intestinal mucosa. 
(4) Kaufman (1940), Opie (1904) and others found a 
large number of eosinophilic myelocytes and mature eosino-
phils in the marrow after infection. They felt that it was 
here that the large nu~ber of eosinophils originated. 
Carter (1949) found many plasma cells in this area at in-
fection. 
(5) It was found by many workers that aneosinophilia 
will not occur on several occasions in infe ction. These are 
(1) a severe infection (2) a concurrent bacterial infection 
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(3) faulty staining techniques (4) an unresponsive marrow. 
(6) Changes in red blood cells may involve changes in 
cell count, size, haemoglobin content, clot ting time, fra-
gility and specific gravity. These findings were made on 
animals. It is not known at what stage of trichinosis 
that polyglobulia or anemia will occur. 
(7) Several theories have been proposed for the origin 
of large numbers of eosinophils at the time of infection. 
Brown (1898) and Howard (1899) bel i eved that they were de-
rived from neutrophils and plasma cells respectively, at the 
site of larval encapsulation. Other theories name the bone 
marrow as the area of origin. It produced large numbe rs of 
eosinophils in response to toxic stimuli from larvae or from 
necrotic muscle tissue. 
(8) Besides changes in the circulating blood and in 
bone marrow (a hemopoietic organ}, there are also blood 
changes in other organs and structures·. These include the 
lymph glands, the heart, the central nervous system, the 
intestinal mucosa, the pancreas, the spleen, and the lung s. 
(9) On several occasions, thrombus formations have 
formed concurrently with a trichinosis infection. Bartlett 
(1909) found thrombosis of the pulmonary vessels, and the 
left femoral occlusion in a patient a few days after admit-
tance to the hospital, due to a thrombus. A relationship 
oo 
between the thrombus formation and trichinosis was not 
established. 
(10) Several animals have been used in laboratory ex-
periments in vrorking '"'ith trichinosis . These include t he 
rat, mouse, rabbit, guinea pig and monkey. This latter 
animal did not develop eosinophil i a . The others did, in 
varying degrees. Changes in red blood cells have been worked 
out in detail on the rRbbit by Wantland (1937). Augustine 
(1936) studied blood sugar values in rabbits infected with 
T. suiralis. The effects of hormones, vaccines, bacteria 
and parasites have been observed - in guinea pigs and rats. 
(11) Adrenal cortical hormones and other substances 
caused a reduction in eosinophile in mice, according to 
Stein (1949) . Larsh (1949) found that these hormones had 
little effect on the number of circulating eosinophile in 
rats. 
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IX Abstract 
The use of blood p icture examination as ct means of diag-
nosing trichinosis first came into use a t the end of the 19th 
centur:v . Brown (1898) stated tha.t the characteristic blood 
picture in CEJ.ses of trichinosis Under his supervision showed 
a m1=1.rked leukocytos is, a v a.r ia.ble eosinophilia and a diminu-
tion of neutrophile. Later ·.rorkers found the S"1.me picture 
1vi th the exce ption of neutrophil diminution. Howard ( 1899) 
found thR.t there vvas a diminution of plasmB. cells at the 
time of the eosinophilia . Brmm e . nd Howard believed thB.t 
the eosinophi l e increased rapidly .:\s a result of hav i ng been 
transformed from neutrophils or plasma cells at the site of 
muscul"'r encystment of the l arvae . Opie (1904) believed the.t 
eosinophile arose from the bone marrow and that their rapid 
increa.s e was due to toxic products of the invading la .. rvae or 
of degenerat ing muscle tissue ac ting on the mrtrro1v . Other 
'.vorkers, V.leindrach (1929) 8.nd Kerr (1900) fo1..md thet eosino-
phi l s increa.sed at the expense of lymphocytes and small 
monocy t es respectiYel y . All investigators, hmrever, found 
that there was an absolute and e. r elEJ. tive rise in eosino-
phile up to 70:;; or mo r'e, 1,;hile the total "'tThi te blood cells 
reached 35,000 per cmrn .. in many cases. Della Vid2, and Dyke 
(1941) fo1nd that eosinophilia occurred in a two wav~ series . 
The first, which may not be distinguishable, ma.y re!-> ch t o 
20% ',.vj trln a week eft er i nfection, 8.nd the second vrl ll come 
about three to five weeks after i nfection . This dual 1.1J'a.ve 
i 
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nheno:nenon \·ms ascribed bv several ' orkers to the 8.Cr:!Umula-
..:.. • l 
tion of e osinophils first at the site of infection in the 
intestin"tl mucosa bv adult worms and second a.t the site of 
m1J sc le infect ion by l .orvae . A shor•t time after infection, 
the picture in the me.rrovr sbmvs eosinophilic myelocytes and 
mR.ture eosinophile in la.rge numbers a.ccording to Kaufman 
(1940) a.nd others of previous years . Opie (1904) accounted 
for this by stating that in a" mod.era.t e infecU on , the f9.t of 
the T'l"'rro,,r i s renl P,..,..,"l_ 1J~r eosinoph:i.ls beca.u s e of e.n ext er:nt=~l 
stt,nn1us , prob!4 '"1 v f x'om the d egener<:>ting muscle or from 
t o ~i c substances of the ~·;orm. Theiler et al_ . ( 1935) repol .. ted 
that eosinophilia would pe r si s t for several we ~ks to mon~hs. 
Th eir observations were too incomplete to make an authori-
t ~tive st~tement . Kaufman (1940) lis ted several reasons for 
the absence of, or the paucity of eosinophi l e in a trichina-
sis infection . These are; (1) An early stAge of the disease, 
vvhen the eosinophile h0"d not !ret rallied to the defense of 
the body, (2) a concurrent s e conda ry bacterial infe ction, 
(3) a non-respondent bone ffi'-'l.rrow, (4) f aulty stain·.ns tech-
niques. 
Be s ldes the skeleta.l muscle, the tr:tchinB l a.rvae 1'l'i11 
in1.r8.de other tissues and structures of the body 8"nd may cause 
a. charB.cteristic blood picture there. In the mucose" .<=>nd 
submucosa of the small intestine, Carter (1949) found m'::l.n y 
ul~ ma cells and lymph ocytes, but no eosinophile. I n t h e 
l Ymph nodes, Kaufrnan (1940 found some l<>rve"e and an 
accumulation of eosinophile . He stat ed that la.rvae will 
penetrate the cardiac musc le but '"ill eithe r die there or 
pass t h rough to another tissue quickly. Inflammation, and 
other reactions will occur in the heart, upon invasion. 
McNaught (1938) found that there was an active, focal cellu-
l ar infiltration of lymphocytes , eosinophile and neutrophile • . 
Some muscle fibers degenerated and on several occa sions, 
pluggin~ of the small capillaries w~s observed. McNau~ht 
(1938 also observed neurologic manifestations upon t he 
invasion by Trichinella of the central nervous system. He 
r e ported ~ mar ked infiltration of the meninges wi th ly. pho-
cytes, pl asma cells , fibroblasts, macrophages and eos inophile. 
Larvae were found occas i onally in the cerebro-spinal fluid. 
The mos t c ommon tissue invaded is, of course , the con-
nec t ve ti s sue between skeletal muscle fibers. Hence the 
name , " interstitial myositis". The result s of invasion h e re 
are a l oss of muscle striations, of acid staining que.l t ios 
o m1 sc e tis sue, the h mogenei t,? of the rrn . <:t~ le fiber in-
"~Taded a.nd a <Jell tnf lltr?..tlnn of neutt'o~ ni ls , ympho~Jytes , 
his tiocytes and occas:lonally plasma cells, according to 
Gould (1943 ) and r-~cl\Taught (193B). These authors also re-
ported t hat eosj_nophlls are u s tally absent around the b ody 
of the l arva itself, but a re present in l arge numbers at a 
distance . 
On s everal occasj_ons, thrombi occurred concurrently 
wi th trichinosis. Bartlet t (1909) reported thrombos s 
iii 
of the pulmonary vessels and of the left femoral vein in an 
autopsied trichinosed patient . Ki l duffe et al. (1933) found 
that a femoral thrombosis occurr ed in a pat ient several days 
after infection by!· sniralis. No evidence was seen to ex-
plain the reasons for the thrombus format ions, and at t he 
t me, no evidence \'las offered for the rela t ion8hip of the 
thrombi and tri chinosis . 
The blood picture changes have been observed in rats , 
mice, rabbits, guinea pigs, and monkeys infected w th 
!· gni r alis. Beahm and Dmvns (1939) fed varyin~.c amounts of 
lRrvae to \·r"hi t. e rats . They observed the usual l eukocytes s 
a 1.d also a drop in the number of ne trophils·. Both of the e 
observations became more marked upon the ·nfection of these 
r ts 1. ith increasing amounts of larvae. 0-oie ( 904) studied 
the relation f the 1•1e i3ht of animals (su nea pi ~s) n the 
severitv of infe ct ion Be ' nfected his anima s \vith vary-
ing amounts of larvae and found that when eosino-philia oc-
.curred, the '!freiGht loss "\v9.s directly proportiona l to the 
increase in the number of these cells. \.fuen the eos ino1)hils 
r eturned to normal, the "freight also tended to,~rard its ori-
i· al amount. Wantland (1937 ) found qualitative changes in 
rec1 blood cells besides leukocyt. os i.s and erythrocytes is. 
The haemoglobin percent increased slightly in some infected 
rabbits. The size of t he red blood cells changes and the 
author reported a slight increase in the ave rage size. 
August i ne (1936) t ested the blood sugar values and 
iv 
tolera,nce for dext!"ose in ra.blJ· t s and. in n111n, infected '-"ii th 
t.richL 0'3is. Bis studies shm.red thA.t tr ichinosis doe s not 
j ~1 e· ce the tolerance for dextrose. 
Che.ng s in sodlum chloride, phosphor'tls, calcium, chol es -
terol, Non-Prote i J" trogen rere observed by Pierce (lQ)~) . 
The re~d n~s were taken at least one mon th a f ter inf ect ion. 
T'::le "lUther felt tha.t better results vrovld have been obtained 
if the blood studies could h<:tve been m.9.de sooner . 
Lqrsh (1949 ) and Stein (1949) observed thqt cortical 
!J.Ol"mones, epinephrine, and adrenotropic cortica .. l hormones 
(if the adrenals 9 re intact) ¥rill reduce the number of c ir-
cul8. tins eos inophils in trichinous ,<:mime.ls. 
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